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(57) ABSTRACT

In a time division multiple access communication system,
adjacent and co-channel interference are reduced by discon-
tinuing or shutting ofl modulation of carrier frequency
signals during inactive time slots so that transmitted power
of carrier frequency signals are reduced. Also, the time slots
and carrier frequency signals are organized so that each
carrier frequency signal has the least amount of time slots
designated as active time slots. The time slots are designated
so that the respective same time slots of adjacent carrier
frequency signals are not concurrently designated as active

time slots.

10 Claims, 3 Drawing Sheets

o i L O

o I A
o I N

__.{

30 KHz

}.__




U.S. Patent Jul. 25, 2006 Sheet 1 of 3 US 7,082,113 B1

FIG. 1
-
MOBILE
f \\
CELL 2A CeELL 3B

FIG. 2

TTME SLOT

- | usERY | usR2 | uSER3 | 1| USERf
- | WER4 | USRS | USERS | | | USER 4

2 USER7 | USERB | USERS | i | USER7

f, USER 10 | USER 11 | USER12 | : | USER 10




U.S. Patent Jul. 25, 2006 Sheet 2 of 3 US 7,082,113 B1

FIG. 3

20 msec

SYNCT | CTRL « DATA [ COL | SYNCZ2 | CTRL « DATA | COL | SYNC3 | CTRL + DATA | COL

—— b b/ msec —=

FIG. 5
TIME SLOT
T
30 KHz
S 4

ST T



U.S. Patent Jul. 25, 2006 Sheet 3 of 3 US 7,082,113 B1

FIG. 4 |

PSTN
40 —~_ ECP .
b0
403 ——{ MEMORY 101
i% |

‘ MOBILE \

10/

105
DEMOD

09
/ 1081 1

MOD

103

10
CELL 1

20

30



Us 7,082,113 Bl

1

TDMA COMMUNICATION SYSTEM AND
METHOD INCLUDING DISCONTINUOUS
MODULATION FOR REDUCING ADJACENT
AND CO-CHANNEL INTERFERENCE

FIELD OF THE INVENTION

1. Technical Field

The present invention relates to a TDMA communication
system that reduces TDMA cell site generated adjacent and
co-channel interference through discontinuous modulation.

2. Description of the Background Art

Voice quality and channel capacity are factors which have
an influence on frequency reuse recommendations 1n a
time-division multiple access (TDMA) mobile communica-
tion system. Determination of frequency reuse 1s a trade-oil
between voice quality and channel capacity since as channel
capacity 1ncreases, interference between channels also
increases resulting in reduced voice quality. Recovery of
voice and data with good bit error rate and frame error rate
becomes more diflicult as interference increases.

FI1G. 1 1llustrates a typical TDMA communication system
including mobile unit 10 and cell sites 1A-3A and 1B-3B.
Mobile 10 recerves TDMA carrier frequency signal 1, from
cell 2A. Mobile 10 receives co-channel iterference gener-
ated 1n view of carrier frequency signal 1, transmitted from
cell 2B. Mobile 10 also receives adjacent channel interfer-
ence from carrier frequency signals f, and 1, transmitted
from cells 1A and 3A, and any other carrier frequency
signals having frequencies closely spaced relative to carrier
frequency signal {, transmitted by cell 2A. Conversely,
carrier Irequency signal 1, transmitted from cell site 2A
creates co-channel interference which intfluences carrier
frequency signal 1, transmitted from a distant cell and
adjacent channel interference which influences carrier fre-
quency signals transmitted from distant cells that are closely
spaced relative to carrier frequency signal 1,. As frequency
reuse 1ncreases so that capacity of the TDMA communica-
tion system may increase, adjacent channel interference
increases since cell sites must be located closer to each other.
Co-channel interference also increases since carrier frequen-
cies must be reused in cell sites that are spaced closer to each
other.

In greater detail with reference to FIG. 1, carrier fre-
quency signals 1, and 1, from respective cells 1A and 2A are
one channel away from each other, or in other words
separated only by at most 30 KHz of 1solation with adjacent
channel rejection of 60 dB. Thus, carrier frequency signal 1
generates adjacent channel interference with respect to car-
rier frequency signal 1,, and vice-versa. Typically, carrier
frequency signals 1, and 1; from respective cells 2A and 3A
do not create significant adjacent channel interference with
respect to each other since the carrier frequency signals are
separated by at least 60 KHz of 1solation with adjacent
channel rejection of 120 dB.

FIG. 2 illustrates a conventional TDMA transmission
scheme including time-division multiplexed carrier ire-
quency signals 1,—1,. The downlink transmission from a cell
site to mobile users 1-3 are time-multiplexed on carrier
frequency signal I; 1nto respective time slots. The downlink
transmissions from cell sites to mobile users 4-6, 7-9 and
10-12 are respectively time-multiplexed on carnier ire-
quency signals 1,—1, in respective time slots. The time slots
repeat cyclically. The uplink transmissions from the mobile
users to the cell sites follow the timing and frequency of the
respective downlink transmissions. For example, an uplink
transmission irom a mobile follows 45 symbols after
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completion of the downlink transmission on a carrier ire-
quency signal spaced 45 MHz from the carnier frequency
signal of the respective downlink transmission.

In accordance with the current TDMA standards, a carrier
frequency signal 1s modulated by data using a w/4 DQPSK
modulation scheme. A time slot of a carrier frequency signal
that 1s modulated with voice or data 1s referred to as an active
time slot. However, in further accordance with current
TDMA standards, the carrier frequency signal of the down-
link transmission 1s modulated regardless of whether there 1s
data or voice to be transmitted from the cell site to the
mobile. Inactive time slots of the carrier frequency signals
that are not modulated with voice or data are modulated with
random bits provided from a T1 switch within the central
oflice or the executive control processor (ECP).

In greater detail, FIG. 3 illustrates the structure of a
conventional downlink carrier frequency signal transmitted
from a cell site base station to a mobile in a TDMA
communication system. The carrier Irequency signal
includes three time slots each including a sync portion, a
control and data portion, and a CDL (coded digital control
channel locator) portion. The sync portion of the carrier
frequency signal 1s modulated by the corresponding sync
word for the time slot as assigned by the ECP. The control
and data portion of the carrier frequency signal 1s modulated
by control information and voice or data provided by the
ECP. The CDL portion of the carrier ifrequency signal is
modulated by the CDL data, which 1s also provided by the
ECP. Each time slot has a duration of 6.67 msec and 1is
repeated every 20 msec. Each time slot of a carrier ire-
quency signal 1s modulated and transmitted at full power
regardless of whether the time slot 1s active or inactive. If the
time slot 1s 1nactive, the control and data portion of the
carrier Irequency signal 1s modulated with random bits
supplied from the T1 switch within the ECP.

Accordingly, in a conventional TDMA system, all time
slots of a carrier frequency signal are modulated and trans-
mitted at the same power level regardless of whether the
time slots of the carrier frequency signal are active or
mactive. The cell site 1s therefore constantly transmitting
power for each time slot of a carrier frequency signal on the
downlink transmission and creating adjacent and co-channel
interference regardless of whether the time slots may be
inactive.

SUMMARY OF THE INVENTION

The present mvention reduces adjacent and co-channel
interference within a TDMA communication system by
discontinuing or shutting off modulation of inactive time
slots of transmitted carner frequency signals. Carrier ire-
quency signals and time slots are also organized to reduce
adjacent and co-channel interference by minimizing the
number ol active time slots across all available carrier
frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cell structure of a TDMA communi-
cation system;

FIG. 2 illustrates time slot assignment of downlink carrier
frequency signals 1n a conventional TDMA communication
system;

FI1G. 3 illustrates a TDMA frame with three time slots:

FIG. 4 1llustrates a TDMA commumnication system of a
preferred embodiment of the mvention; and
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FIG. 5 1llustrates organization of active and 1nactive time
slots of carrier frequency signals of a preferred embodiment
of the invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
M

ERRED

FIG. 4 illustrates a TDMA communication system of a
preferred embodiment of the mvention. Executive control
processor (ECP) 40 1s wired to base stations 10, 20 and 30
located within respective cells 1-3. Although three respec-
tive cells 1-3 are illustrated, the TDMA communication
system may include any number of cells. ECP 40 routes or
switches voice or data from public switched telephone
network (PSTN) 60 to mobile 50 via any of base stations 10,
20 and 30 and also routes voice or data from mobile 350 to
PSTN 60, or to any other mobile within the network, via
base stations 10, 20 and 30. ECP 40 designates the carrier
frequency and time slots that the voice or data are transmiut-
ted 1n a downlink transmission from a base station to mobile
50, as will be described subsequently. ECP 40 includes
microprocessor 401 which functions to control operation of
the TDMA communication system in accordance with soft-
ware programming stored within memory 403.

Base station 10 as illustrated 1n FIG. 4 includes modulator
101, demodulator 103, microprocessor 105, memory 107
and antenna 109 configured 1n a known manner. Modulator
101 modulates voice or data provided from ECP 40 using a
n/4 DQPSK modulating scheme and provides the modulated
data to antenna 109 for wireless transmission to mobile 50
for example. Demodulator 103 demodulates a signal
received by antenna 109 using a /4 DQPSK demodulation
scheme and provides the demodulated voice or data to ECP
40 for routing to either PSTN 60 or to any of base stations
10, 20 and 30 for transmission to a mobile station. Modu-
lator 101 and demodulator 103 may be any conventional
modulator and demodulator and may function 1n any con-
ventional duplexing mode with antenna 109 to enable trans-
mission and reception of RF signals by base station 10. Base
station 10 also includes microprocessor 105 which controls
operation of modulator 101 and demodulator 103 in accor-
dance with software programming stored within memory
107. Base stations 20 and 30 are configured 1n a similar
manner as base station 10.

In a preferred embodiment of the invention, modulation
of the carrier frequency signal during nactive time slots 1s
discontinued or shut ofl. In greater detail, the CDL data and
the sync word are the two 1dentifiers that all mobiles require
to know what carrier frequency signal and what time slot of
the carrier frequency signal to communicate on. However,
the sync word portion and the CDL portion of a time slot
account for a small portion of the 6.67 msec time slot. By
discontinuing modulation of the carrier frequency signal
during the control and data portion of an 1nactive time slot
which 1s conventionally modulated with useless random
bits, and modulating the carrier frequency signal only during
the sync and CDL portions of the inactive time slot, the
ellective average transmitted power of the carrier frequency
signal can be reduced by approximately one third. Consid-
ering average power and that each time slot of a carrier
frequency signal 1s eflectively one third the total power of

the carrier frequency signal, discontinuing modulation of the
carrier frequency during an inactive time slot results 1n an
approximately 2.7 dB reduction of transmitted power. Dis-
continuing modulation of the carrier frequency signal during
two 1nactive time slots results 1n an approximately 5.0 dB
reduction 1n transmitted power. Accordingly, 1 this aspect
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of the mvention, transmitted power of carrier frequency
signals 1s decreased by discontinuing modulation of the
carrier {requency signal during inactive time slots such that
adjacent and co-channel interference 1s thus reduced.

As described previously, 1n a conventional TDMA system
random bits are provided from a T1 switch within the ECP,
the carrier frequency signal 1s modulated within the base
station with the random bits and the carrier frequency signal
having modulated iactive time slots 1s transmitted at full
power. In an embodiment of the invention, modulation of a
carrier frequency signal at a base station 1s discontinued
under control of the corresponding base station micropro-
cessor. For example, modulator 101 of base station 10 1s
controlled by microprocessor 105 to discontinue or shut off
modulation when random bits for an inactive time slot are
supplied from ECP 40. Microprocessor 105 1s programmed
in accordance with soitware stored within memory 107 to
monitor data type supplied from ECP 40 and to control
modulator 101 to discontinue or shut off modulation upon
recognition that an active call 1s not provided from ECP 40
for transmission to a mobile. Microprocessor 105 deter-
mines that an active call 1s not provided 1n accordance with
preliminary set up imformation provided by ECP 40.

More particularly, modulation of the carrier frequency
signal 1s discontinued or shut ofl during the control and data
portion of an inactive time slot. Only the sync portion and
the CDL portion of the inactive time slot are respectively
modulated with the sync word and the CDL data provided by
ECP 40 for the inactive time slot. Modulation 1s thus
discontinued or shut off at the base station transmitter
independently without supervision by ECP 40 to minimize
power transmission and therefore reduce adjacent and co-
channel interference.

An uplink transmission to a base station includes trans-
mission from three different mobile stations. The current
TDMA communication system standards thus allows for a
three symbol guard band and three symbols of ramp bits
between time slots on the uplink transmission. Since guard
bands and ramp bits are allowed between time slots on the
uplink transmission, modulation of the carrier frequency
signals between time slots theoretically could be turned on
and ofl virtually instantaneously without generating unde-
sirable noise spikes on the carrier frequency signal. On the
other hand, according to current TDMA standards as 1llus-
trated 1n FIGS. 2 and 3, the downlink transmission 1s
contiguous without space for guard bands or ramp bits
between time slots or between the control and data portion
of a time slot and either of the sync portion or the CDL
portion of the time slot. If modulation of a carrier frequency
signal 1s turned on or ofl instantaneously during the time
slots, undesirable noise spikes may be generated on the
carrier frequency signal. Accordingly, 1n a preferred embodi-
ment of the invention, modulator 101 of base station 10 for
example 1s controlled by microprocessor 105 to turn modu-
lation on and off gradually, preferably over at least a
two-symbol period so that generation of noise spikes may be
prevented.

In a turther preterred embodiment of the mvention, ECP
40 organizes the carrier frequency signals and time slots so
that mnstead of designating all the time slots of a carrier
frequency signal as active time slots, system usage 1s opti-
mized and spread out over all the carrier frequency signals
by designating the least amount of active time slots as
possible on each of the carrier frequency signals. Adjacent
and co-channel interference may thus be reduced since the
transmitted power of the carrier frequency signals may be
reduced. Also, the carrier frequency signals are organized so
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that the same respective time slots of adjacent carrier fre-
quency signals are not designated as active time slots
concurrently. Adjacent channel interference 1s thus reduced
since at least 60 KHz of isolation with adjacent channel
rejection of 120 dB may be created between respective time
slots of adjacent channels. Since eflicient organization of
carrier Irequency signals and active time slots 1n accordance
with this embodiment reduces adjacent and co-channel
interference, frequency reuse and channel capacity may be
increased.

For example, 1n a TDMA communication system having
carrier frequency signals 1,—1; each separated by 30 KHz as
illustrated 1n FIG. 5, ECP 40 controls modulation of the
carrier frequency signals of the downlink transmissions from
base stations 10, 20 and 30 so that when the first time slot
in carrier frequency signal 1, 1s an active time slot (1indicated
as A), the second and third time slots 1n carrier frequency
signal 1, are inactive time slots (indicated as I) wherein
modulation of the control and data portions of the carrier
frequency signal 1, 1s discontinued or shut off. Also, when
the first time slot 1n carrier frequency signal 1, 1s designated
as an active time slot, ECP 40 designates the first time slot
of adjacent carrier frequency signal 1, as an 1nactive time
slot. Either one of the second or third time slots of carrier
frequency signal 1, 1s designated by ECP 40 as an active time
slot. In this example 1illustrated in FIG. 5, the second time
slot of carrier frequency signal 1, 1s designated as an active
time slot and the third time slot 1s designated as an inactive
time slot. Accordingly, ECP 40 organizes the carrier fre-
quency signals so that active time slots are spread out and
transmitted power of the carrier frequency signals are mini-
mized, thus reducing adjacent and co-channel interference.
Since respective time slots of adjacent carrier frequency
signals are not concurrently active, high levels of 1solation
and adjacent channel rejection may be maintained, thus
improving voice quality.

When service demand within the TDMA communication
system 1s high, the number of available inactive time slots on
the carrier frequency signals 1s decreased. In such a situa-
tion, ECP 40 may be unable to organize the carrier frequency
signals such that each of the carrier frequency signals have
only a single active time slot. As 1llustrated 1n FIG. §, during
a high service demand situation, ECP 40 orgamzes the
carrier frequency signals of the downlink transmissions
transmitted from the base stations such that carrier ire-
quency signal I, for example has both the first and second
time slots designated as active time slots. Adjacent and
co-channel 1nterference created by carrier frequency signal
t, 1s thus decreased as the transmitted power of carrier
frequency signal 1, 1s reduced by a third. Also, since carrier
frequency signal 1, 1s separated from carrier frequency 1, by
at least 60 KHz of 1solation with at least 120 dB rejection,
adjacent channel interference between the respective second
active time slots 1s minimized.

Accordingly, 1t 1s to be understood that an important
aspect ol this embodiment 1s that ECP 40 organizes the
channels to the extent that each channel has the least amount
ol active time slots possible and that the same respective
time slots of adjacent channel frequency signals are not
concurrently active. As service demand increases, ECP 40
designates additional carrier frequency signals such that
active time slots may be spread out over more carrier
frequency signals while maintaining at least 60 KHz 1sola-
tion and 120 dB rejection between respective active time
slots. It 1s to be further understood that the orgamization of
time slots and frequencies 1n FIG. 5 are exemplary only. The
carrier frequencies may be organized in several different
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manners to achieve similar results. For example, all three
time slots of carrier frequency signal f, may be designated
as active time slots by ECP 40 as long as all the time slots
ol adjacent carrier frequency signals 1, and 15 are designated
as 1nactive time slots.

It 1s also to be understood that reduction of adjacent and
co-channel interference of the mvention should not neces-
sarily be limited in view of the corresponding figures and
description. For instance, although base stations 10, 20 and
30 are illustrated 1n FIG. 4 as microprocessor-controlled 1n
accordance with software programming stored within
respective memories 107, 207 and 307, the corresponding
programming for discontinuing or shutting off modulation
and for gradually turning modulation on and off may be
recorded on a computer recordable medium such as a tloppy
disk or CD ROM readable by respective microprocessors
105, 205 and 305. Similarly, although ECP 40 1s 1llustrated
as microprocessor-controlled 1n accordance with software
programming stored within memory 403, the corresponding
programming for organizing time slots and carrier frequency
signals and for discontinuing supply of random bits to the
base stations for mactive time slots may also be recorded on
a computer recordable medium such as floppy disk or CD
ROM readable by microprocessor 401.

Moreover, although base stations 10, 20 and 30 and ECP
40 are described as microprocessor-based, the microproces-
sors may be replaced by discrete circuits including various
programmable gate arrays and corresponding circuitry
which carry out the functions of the microprocessors. Also,
modulation/demodulation 1s not limited to a n/4 DQPSK
scheme. For instance, an 8 PSK or 16 PSK modulation/
demodulation scheme may be used. The invention also
should not necessarily be limited to a TDMA communica-
tion system but may also be applicable to a GSM (Global
System for Mobile Communications) system using a GMSK
(Gaussian Minimum Shift Keying) modulation/demodula-
tion scheme.

What 1s claimed 1s:

1. A radio for a communication system, the radio trans-
mitting a carrier signal having plural time slots designated as
active and 1nactive time slots by a system controller, the
radio comprising;:

a modulator that modulates the carrier signal with trans-
mit data and with frequency and time slot identifier data
during active time slots when the transmit data 1is
supplied from the system controller and discontinues
modulation of the carrier signal with transmit data
during 1nactive time slots when random bits are sup-
plied form the system controller; and

a transmitter that wirelessly transmits the carrier signal
provided by said modulator.

2. The radio of claim 1, wherein said modulator discon-
tinues modulation of the carrier signal gradually over at least
a two-symbol time period.

3. The radio of claam 1, wherein the frequency and
timeslot 1identifier data includes sync data and Coded Digital
Control Channel Locator information and said modulator
modulates the carrier signal with transmit date, sync data
and Coded Dagital Control Channel Locator (CDL) infor-
mation supplied form the system controller during active
time slots and modulates the carrier signal only with sync
data and CDL information during inactive time slots.

4. The radio of claim 1, wherein said transmitter wire-
lessly transmits the carrier signal to a mobile station 1n a
Time Division Multiple Access (TDMA) communication
system.
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5. A method of reducing adjacent and co-channel inter-
ference generated by a radio, the radio transmitting a carrier
signal having plural time slots designated as active time slots
and 1nactive time slots by a system controller, the method
comprising;

modulating the carrier signal with transmit data and with

frequency and time slot identifier data during active
time slots when the transmit data 1s supplied by the
system controller;

discontinuing modulation of the carrier signal with trans-

mit data during inactive time slots when random bits
are supplied by the system controller; and

wirelessly transmitting the carrier signal.

6. The method of reducing adjacent and co-channel inter-
ference of claim 5, wherein said step of modulating com-
prises modulating the carrier signal with transmait data, sync
data and Coded Dagital Control Channel Locator (CDL)
information supplied by the system controller and said step
of discontinuing modulation comprises modulating the car-
rier signal only with sync data and CDL information.

7. The method of reducing adjacent and co-channel inter-
ference of claim 5, wherein the frequency and timeslot
identifier data includes sync data and Coded Digital Control
Channel Locator mnformation and said step of modulating
comprises modulating the carrier signal with transmit date,
sync data and Coded Digital Control Channel Locator
(CDL) information supplied by the system controller and
said step of discontinuing modulation comprises modulating
the carrier signal only with sync data and CDL information.
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8. The method of reducing adjacent and co-channel inter-
ference of claim 5, wherein the carrier signal 1s wirelessly
transmitted by the radio to a mobile station 1n a Time
Division Multiple Access (TDMA) communication system.

9. An article of manufacture taking the form of a com-
puter-readable medium for reducing adjacent and co-chan-
nel interference generated by a radio, the radio transmitting
a carrier signal having plural time slots designated as active
time slots and 1nactive time slots by a system controller, the
article ol manufacture comprising:

a modulation source code segment for causing a computer
to modulate the carrier signal with transmit data and
with frequency and timeslot identifier data when trans-
mit data 1s supplied by the system controller during
active time slots;

a discontinuation source code segment for causing the
computer to discontinue modulation of the carrier sig-
nal with transmit data when random bits are supplied
from the system controller during inactive time slots;
and

a transmission source code segment for causing the com-
puter to wirelessly transmit the carrier signals.

10. The article of manufacture of claim 9, wherein the

carrier signals are Time Division Multiple Access (TDMA)
carrier signals.
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